of the permissive environment that attracts them to the BM tissue. HSC and other non-hematopoietic stem cells are actively chemoattracted by factors secreted by BM stroma cells and osteoblasts (e.g., stromal derived factor-1 (SDF-1), hepatocyte growth factor (HGF)) and colonize marrow by the end of the second and the beginning of the third trimester of gestation [11] . Accumulating evidence suggests that these nonhematopoietic stem cells residing in the BM play some role in the homeostasis/turnover of peripheral tissues and if needed could be released/mobilized from the BM into circulation during tissue injury and stress ( fig. 1 ), facilitating the regeneration of damaged organs [12] [13] [14] [15] [16] .
Bone Marrow Non-Hematopoietic Stem Cells -Lessons Learned from the Concept Postulating the Phenomenon of 'Plasticity' of Hematopoietic Stem Cells
Several investigators in the past few years have demonstrated that BM-derived cells can contribute to the regeneration of various organs and tissues [17] [18] [19] . These observations were mainly explained by the hypothesis that HSC are 'plastic' and thus could trans-dedifferentiate into stem cells committed for various non-hematopoietic organs and tissues [20] . For this phenomenon to occur requires i) a parallel switch of commitment for HSC in the compartment of monopotent (tissue/organ-committed) stem cells or ii), as postulated, a step back in the differentiation process of HSC with their de-differentation into multipotent (one germ layer-committed) or even pluripotent (three germ layer-committed) stem cells (PSC). This hypothetical possibility that HSC are plastic and able to trans-dedifferentiate raised much hope that HSC isolated from BM, mobilized peripheral blood (mPB) or cord blood (CB) could become a universal source of stem cells for tissue/organ repair. This excitement was bolstered at that time by several reports that demonstrated the remarkable regenerative potential of 'HSC' in animal models, for example after heart infarct [18] , stroke [21] , spinal cord injury [22] , and liver damage [23] . However, despite of these first exciting and promising reports, the role of BM stem cells in the repair of damaged organs has become controversial [24, 25] . Further experiments with highly purified populations of HSC showed them not to be effective in regenerating damaged heart [26] or brain [27] . In response to these unexpected results the scientific community became polarized in its view of the concept of stem cell plasticity. These obvious discrepancies in published results could be explained by differences in the tissue injury models employed and/or problems in detection of tissue chimerism. However, several other possibilities have been proposed to explain these discrepancies (table 1). First, it is possible that, for trans-dedifferentiation of HSC to occur, the appropriate tissue damage models are required which are able to create the permissive 'pro-plastic' environment enriched in factors needed to promote this process. Hypothetically such a 'permissive' environment could induce epigenetic changes in HSC and thus force them to change lineage commitment [28] . To support this, it had been suggested that the genome of stem cells is in an open/accessible status and therefore is more susceptible for potential dedifferentiation events. For example, it had been postulated that HSC expressing mRNA for multiple lineages exist in BM as a continuum and undergo cell cycle-related conversions before being locked into organ-specific fate [29] . Second, it has been reported that some plasticity data could be explained simply by the phenomenon of cell fusion [30] . Accordingly, the donor-derived cells observed in damaged tissues which express non-hematopoietic markers could be in fact heterokaryons, the result of the fusion of BM-derived stem cells with somatic host cells in the damaged organs. Both cell fusion and epigenetic changes, however, are extremely rare and randomly occurring events that certainly could not fully account for all of the positive trans-dedifferentiation data published. Furthermore, fusion as a major contributor to the observed donor-derived chimerism has been excluded in several recently published studies [31] . Another possible explanation of some of the benefits observed in organ/tissue regeneration after infusion of BM-cells is the result of paracrine effects. It is well known that HSC are a source of several trophic cytokines and growth factors and that these factors if released from these cells could promote tissue repair and vascularization [32] . Furthermore, it has been recently shown that cells may transiently modify the phenotype of neighboring cells by transferring surface receptors, intracellular proteins and mRNA in mechanisms that involve exchange of cell membrane-derived microvesicles [33] . Shedding of membrane-derived microvesicles is a physiological phenomenon that accompanies cell growth and cell activation, e.g. hypoxia or oxidative injury [34] . Thus, microvesicle-mediated exchange of receptors, proteins, and mRNA that was demonstrated by us during interaction of embryonic stem cells with HSC [33, 35] takes also place between infused BM cells, and cells in damaged organs could temporarily modify the phenotype of cells in the damaged organ [36, 37] . Surprisingly, during all of these deliberations concerning stem cell plasticity (table 1) and the potential contribution of BMderived cells to organ regeneration, the concept that BM may contain heterogeneous populations of stem cells was not taken into careful consideration [24, 38] . We postulate that regeneration studies demonstrating a contribution of donor-derived BM, mPB or CB cells to non-hematopoietic tissues without addressing this possibility (by including the appropriate controls) has led to misleading interpretations. It is reasonable to assume that the presence of heterogeneous populations of stem cells in BM, mPB or CB would be considered before experimental evidence is interpreted as plasticity or trans-differentiation of HSC [39] . Hence the presence of non-hematopoietic stem cells in BM, rather than 'trans-dedifferentiation' of HSC, could explain some of the positive results of tissue/organ regeneration as witnessed by several investigators using BMderived cells [23, 40] . On the other hand, when highly purified HSC were employed for regeneration experiments nonhematopoietic stem cells were likely excluded from these cell preparations. In the current state of knowledge, the phenomenon of trans-dedifferentiation of HSC and their contribution to regeneration of damaged tissues remains questionable. Therefore, the 'positive' data supporting stem cell plasticity can be re-interpreted by the assumption that BM-derived stem cells are heterogeneous and that BM tissue contains different types of stem cells, including perhaps a rare population of PSC ( fig. 2) . The question remains, however, whether these cells can continuously contribute in adult life to the renewal of other stem cells, including the most numerous population of stem cells in BM, HSC. The mechanisms proposed as responsible for the developmental accumulation of stem cells in BM are discussed below.
Evidence of the Heterogeneity of Bone Marrow Stem Cells
The concept that BM may contain some non-hematopoietic stem cells has been postulated by several investigators, and, as previously mentioned, the best evidence that BM stem cells are in fact heterogeneous was provided by experiments showing that BM-derived cells could support the regeneration of various tissues/organs [24, 38] . several investigators using different isolation strategies described the same populations of stem cells but gave them different names according to circumstance. Some of these cells were described to express transcription factors characteristic for embryonic stem cells such as Oct-4. However, since the normal genome contains several Oct-4 pseudogenes, the real Oct-4 expression and its potential role in adult somatic cells requires further studies [41] .
Endothelial Progenitor Cell (EPC)
The identification of BM-and PB-derived cells with endothelial progenitor activities has generated considerable interest in their role during the maintenance and repair of blood vessels [42] . From a historical point of view, the close relationship between hematopoiesis and vasculogenesis was postulated almost 2000 years ago by Aristotle. This Ancient Greek philosopher came to the conclusion based on his empirical work on development that the heart along with blood vessels were the first structures to appear during embryogenesis in eggs from different species. This notion now appears of outstanding significance because it implies that the heart and the blood have a common origin. Translated into today's language, this means that both descend from a common endothelial and hematopoietic progenitor, the putative hemangioblast in the embryonic mesoderm [43] . Hemangioblast activity was demonstrated to exist in embryonic bodies formed by embryonic stem cells in in vitro cultures [44] . However, whether hemangioblasts persist in adult life and reside in the adult BM is not yet clear [45] . Nevertheless, adult BM-derived cells have been shown to contain endothelial precursors in both mice and humans [1, 42] . The possible place of these cells in the hierarchy of BM-derived stem/progenitor cells and their potential relationship to PSC and hemangioblasts is shown in figure 2 , panel A. Accumulating evidence suggests that BM may contain a population of EPC residing in BM tissues that could be released/mobilized into peripheral blood as a source of cells able to play a role in the vascularization of damaged organs [2] . The phenotype of these cells is shown in table 2. Furthermore, BM was also identified as a source of more differentiated circulating endothelial cells (CEC) [2] . It is not clear whether these cells ( fig. 2 , panel A) are direct progeny of EPC or can arise from a well-defined population of myeloid lineage-restricted BM progenitors [46] . In support of this latter possibility, a recent report has shown that in fact CEC differentiate both from common myeloid progenitors (CMP) and the more mature granulocyte/macrophage progenitors (GMP) [46] . In addition, endothelial cells derived from transplanted BM-derived myeloid progenitors expressed CD31, von Willebrand factor and Tie-2 and were CD45- [46, 47] . Thus BM-derived CEC probably reside outside the stem cell population consistent with the hypothesis that CEC arise from differentiated progeny of HSC ( fig. 2 , panel A).
To summarize, it is postulated that the BM is endowed with neo-angiogenetic activity and BM in steady state is a source of EPC and CEC that subsequently circulate in peripheral blood at very low levels (0.0001% and 0.01%, respectively) and may play a role in the repair of damaged endothelium and contribute to post-natal neo-angiogenesis [48] . While EPC are probably progeny of PSC or perhaps direct descendants of hemangioblasts, the more differentiated CEC originate in the myeloid compartment from a CMP. 
Mesenchymal Stem Cells (Multipotent Mesenchymal Stromal Cells; MSC)
MSC were identified 40 years ago by Friedenstein et al. [49] as a population of BM-derived adherent bone/cartilage-forming progenitor cells. At the same time, it has been known that BM-adherent cells grow colonies of fibroblastic-like cells which have a high replating potential [50] . It was also postulated that among the growing colonies are some progenitor cells that can grow new fibroblastic colonies and such cells were assigned a functional name, colony-forming units of fibroblasts (CFU-F) [51] . If plated at a low density, CFU-F grow distinct colonies of spindle-forming cells, whereas if they are plated at high concentration they rapidly establish confluent cell cultures. Of particular interest, when CFU-F-derived cells are implanted in the sub-renal capsule or are cultured in differentiating media they are able to accumulate lipids or calcium phosphate and grow ectotopic bone fragments. Similarly, when cultured as a bulk mass in the presence of TGF-β they are able to differentiate into chondrocytes [52] . Currently, it is widely accepted that MSC ( fig. 2, panel B) contribute to the regeneration of mesenchymal tissues such as bone, cartilage, muscle, ligament, tendon, adipose, and stroma [53] . At this point, however, we cannot exclude the possibility that monopotent stem cells specific for all of these tissues exist ( fig. 2, panel B) . MSC are essential in forming the hematopoietic microenvironment in which HSC grow and differentiate [53, 54] . In fact it is well known that fresh passages of unpurified MSC always contain a hidden population of HSC [55] . Thus, in LITCiC assays, BM-derived stroma cells have to be irradiated before the HSC are plated, not only to inhibit the growth of MSC but also to eliminate contaminating HSC which could change conditions for the tested exogenous HSC. However, it is likely that MSC as well as HSC may be contaminated by other populations of primitive non-hematopoietic stem cells. This possibility should be considered whenever a 'trans-dedifferentiation' of MSC into cells from other germ layers is demonstrated. Interestingly, MSC engraft very poorly in the BM of recipients of hematopoietic transplants. However, recently a significant degree of chimerism for BM stroma was demonstrated following hematopoietic transplants in pediatric patients [56] . MSC express several surface markers that could be used for their isolation (table 2) , including most importantly Stro-1, SB-10, SH-2, SH-3, SH-4, CD44, CD29 and CD90 [57] . They do not express classical hematopoietic (CD34, CD45, CD14) and endothelial markers (CD34, CD31, vWF) [4, 58] . Interestingly some of the MSC were found to express CXCR4 and cMet receptors and thus may respond to SDF-1 and HGF/SF gradients [59] . [64, 65] . However, further investigations according to the role of various factors used for culture on differentiation of MSC need to be performed. Moreover, the presence of monopotent stem cells committed to various cells lineages, including osteoblasts, in the MSC fraction need to be investigated [57, 66] . The current knowledge about MSC indicates the heterogeneity of these cells and suggests the presence of cells on different levels of commitment and maturation. Because of various inconsistencies in the field of MSC research, the International Society for Cellular Therapy recently recommended to name MSC as 'multipotent mesenchymal stromal cells' instead of 'mesenchymal stem cell' [67] . This change in nomenclature is a result of the fact that MSC cultures contain heterogeneous populations of cells, and the majority of fibroblastic cells growing in vitro do not meet the criteria to be identified as stem cells. This name should be reserved for only a very small population of cells, closely related to CFU-F, RS or SD-MSC cells. More importantly, the abbreviation for mesenchymal stromal cells, MSC, however remains the same as for mesenchymal stem cells, allowing for literature searches using both names. In addition, the Mesenchymal and Tissue Stem Cell Committee of the International Society for Cellular Therapy proposed minimal criteria to define human MSC [68] . First, MSC must be plastic-adherent when maintained in standard culture conditions. Second, MSC must express CD105, CD73 and CD90 and lack expression of CD45, CD34, CD14 or CD11b, CD79alpha or CD19 and HLA-DR surface molecules. Third, MSC must differentiate into osteoblasts, adipocytes and chondroblasts in vitro ( fig. 2, panel B) . This minimal set of standard criteria should foster a more uniform characterization of MSC and facilitate the exchange of data among investigators [68] . Finally, there are recent reports showing the expression of pluripotent stem cell markers such as Oct-4 and Rex1 or Oct-4 and Nanog by a subpopulation of undifferentiated MSC expanded from BM-adherent cells [69] . The relationship of these undifferentiated MSC with other populations of putative BMderived PSC requires further investigation. It is very likely that similar/overlapping populations of stem cells were isolated by employing different strategies and hence assigned different names. Of note, MSC so far have not been shown to be able to complete blastocyst development, and thus they do not fulfill the complete criteria for a PSC. Furthermore, the reported robust contribution of MSC in regeneration of damaged organs in vivo could be explained by the paracrine effects of these cells affecting angiogenesis in damaged tissues rather than by a direct contribution of MSC to supplying tissue-specific functional cells for organ regeneration. Also to be considered is the notion that MSC could serve as scaffolds during regeneration of damaged tissues. Finally, this controversial yet interesting cell type can be successfully employed to modulate graft-versus-host disease and enhance engraftment in patients after hematopoietic transplants [56] .
Multipotent Adult Progenitor Cells (MAPC)
MAPC are isolated from BM mononuclear cells as a population of CD45-GPA-A-adherent cells, and they display a similar fibroblastic morphology to MSC [5] . Thus it has been postulated that MAPC could be more primitive cells than MSC; however, the potential relationship between MSC, in particular RS-MSC and SD-MSC, and MAPC has yet to be established.
The colonies of cells enriched in murine MAPC express low levels of FLK-1, Sca-1 and CD90, and higher levels of CD13 and SSEA-1 [5] . They are also negative for the expression of CD34, CD44, CD45, CD117 and MHC class I and class II [5] . layers after injection into a developing blastocyst, indicating their pluripotency [5] . The contribution of MAPC to blastocyst development, however, requires confirmation by other, independent laboratories.
Marrow-Isolated Adult Multilineage Inducible (MIAMI) Cells
This population of cells has been isolated from human adult BM by culturing BM cells in low oxygen tension conditions on fibronectin [6] . Colonies of small adherent cells were subsequently isolated and further expanded on fibronectin, at low oxygen tension. Cells derived from these cultures expressed CD29, CD63, CD81, CD122, CD164, c-Met, bone morphogenetic protein receptor 1B (BMPR1B) and neutrophic tyrosine kinase receptor 3 (NTKR3), and were negative for CD34, CD36, CD45, CD117 and HLA-DR [70] . Interestingly, these cells also expressed the embryonic stem cell markers Oct-4 and Rex-1. MIAMI cells were isolated from the BM of people with ages ranging between 3 and 72 years. Colonies derived from MIAMI cells expressed several markers for cells from all three germ layers, suggesting that, at least as determined by in vitro assays, they are endowed with pluripotency. However, these cells have not been tested so far for their ability to complete blastocyst development. The potential relationship of these cells to MSC and MAPC described above is not clear, although it is possible that these are overlapping populations of cells identified by slightly different isolation/expansion strategies. 
Multipotent Adult Stem Cells (MACS).
These cells express pluripotent-state-specific transcription factors (Oct-4, Nanog and Rex1) and were cloned from human liver, heart, and BM-isolated mononuclear cells [7] . MACS display a high telomerase activity and exhibit a wide range of differentiation potential. Again the potential relationship of these cells to MSC, MAPC and MIAMI cells described above is not clear, although it is possible that these are overlapping populations of cells identified by slightly different isolation/expansion strategies. The phenotype of these cells is shown in table 2.
Very Small Embryonic-Like (VSEL) Stem Cells
Recently a homogenous population of rare (~0.01% of BM mononuclear cells) Sca-1+ lin-CD45-cells was identified in murine BM. They express (as determined by RQ-PCR and immunhistochemistry) markers of PSC such as SSEA-1, Oct-4, Nanog and Rex-1 and Rif-1 telomerase protein [8] . Of note, we employed Oct-4 specific primers that do not amplify Oct-4 pseudogenes [41] . Direct electron microscopical analysis revealed that these cells display several features typical for embryonic stem cells such as i) a small size (~3.5 μm in diameter), ii) a large nucleus surrounded by a narrow rim of cytoplasm, and iii) open-type chromatin (euchromatin). We also employed ImageStream system (ISS) analysis to evaluate better VSEL stem cells. This technology was developed as a novel method for multiparameter cell analysis and as a supportive tool for flow cytometry. ISS integrates the features of flow cytometry and fluorescent microscopy collecting images of acquired cells for offline digital image analysis [71, 72] . Analysis employing ISS system confirmed a very small size of VSEL stem cells as well as other features related to their primitivity such as high nuclear to cytoplasmic ratio [73] . VSEL stem cells are smaller than erythrocytes and larger than the majority of platelets, as shown in figure 3 . They can be distinguished from large platelets not only based on different surface markers but also because they contain nuclei ( fig. 3) . Interestingly, VSEL stem cells, despite their small size, posses diploid DNA and contain numerous mitochondria. They do not express MHC-1 and HLA-DR antigens and are CD90-CD105-CD29-. For the first time a sorting procedure have been described that indicates how to purify from adult BM a distinct population of very primitive embryonic-like stem cells and, more importantly, the morphology and the surface markers of these rare cells at the single cell level [73, 74] . Moreover, it is possible that these VSEL stem cells may be released from BM and circulate in blood during tissue/organ injury (e.g. heart infarct and stroke). Interestingly ~5-10% of purified VSEL stem cells if plated over a C2C12 murine sarcoma cell feeder layer are able to form spheres that resemble embryoid bodies. Cells from these VSEL stem cell-derived spheres (VSEL-DS) are composed of immature cells with large nuclei containing euchromatin and, like purified VSELs, are CXCR4+ SSEA-1+ Oct-4+. Furthermore, VSEL-DS, after re-plating over C2C12 cells, may again (up to 5-7 passages) grow new spheres or, if plated into cultures promoting tissue differentiation, expand into cells from all three germ cell layers. Since VSEL stem cells isolated from GFP+ mice grew GFP+ VSEL-DS showing a diploid content of DNA, this confirms that VSEL-DS are derived from VSEL stem cells, and not from the supportive C2C12 cell line, as well as excludes the possibility of cell fusion. Similar spheres were also formed by VSEL stem cells isolated from murine fetal liver, spleen, and thymus. Interestingly, formation of VSEL-DS was associated with a young age in mice, and no VSEL-DS were observed in cells isolated from old mice (>2 years) [8, 39] . This age-dependent content of VSEL stem cells in BM may explain why the regeneration processes is more efficient in younger individuals. There are also differences in the content of these cells among BM mononuclear cells between long-and short-lived mouse strains. The concentration of these cells is much higher in BM of long-lived (e.g. C57Bl6) as compared to short-lived (DBA/2J) mice [39] . It would be interesting to identify genes that are responsible for tissue distribution/expansion of these cells as they could be involved in controlling the life span of mammals. spond robustly to an SDF-1 gradient, adhere to fibronectin and fibrinogen, and may interact with BM-derived stromal fibroblasts. Confocal microscopy and time-lapse studies revealed that these cells attach rapidly to, migrate beneath, and undergo emperipolesis in marrow-derived fibroblasts [39] .
Since fibroblasts secrete SDF-1 and other chemottractants, they may create a homing environment for small CXCR4 -VSEL stem cells. This robust interaction of VSEL stem cells with BM-derived fibroblasts has an important implication, namely that isolated BM stromal cells may be contaminated by these tiny cells from the beginning. This observation may explain the unexpected 'plasticity' of marrow-derived fibroblastic cells (e.g. MSC or MAPC).
Recently, a very similar population of cells that show similar morphology and markers to murine BM-derived VSEL stem cells was purified from human CB [75] . Evidence has also mounted that similar cells are also present in the human BM, in particular in young patients. It is anticipated that VSEL stem cells could become an important source of PSC for regeneration. At this point, however, it is not clear whether VSEL stem cells contribute to the blactocyst development.
Bone Marrow-Derived Oocytes and Spermatogonia?
Recently somewhat unexpectedly BM was also identified as a source of oocyte-like and spermatogonia-like cells [9, 10] . The presence of functional oocyte precursors in BM, however, recently became somewhat controversial after recent parabiotic experiments excluded BM as a source of oocytes in normal steady state conditions [76] . The presence of primitive germ cells supports to some extent the concept that during embryonic development some of the primordial germ cells may go astray on their way to the genital ridges and colonize fetal liver, and subsequently by the end of the second trimester of gestation, together with fetal liver-derived HSC move to the BM tissue ( fig. 4) . We hypothesize that also VSEL stem cell population migrates during development and can be potentially deposited in various tissues. The examples of cells with VSEL stem cell phenotype in several organs, including fetal liver, adult bone marrow, brain, skeletal and heart muscles as well as testis, is shown in figure 4 .
All Roads Lead to the Pluripotent Stem Cell -Does It Really Exist in Bone Marrow?
Above we discussed several types of non-hematopoietic stem cells that have been identified so far in the BM. An important question remains, however: whether a PSC, a founder cell for cells forming all three germ layers, resides in the adult BM. Several lines of evidence support the presence of PSC in BM tissue. First, expression of typical PSC markers such as SSEA-1, Oct-4 and Nanog was reported in BM-derived stem cells isolated using various strategies. These early embryonic transcription factors that are characteristic for embryonic stem cells and epiblast-derived cells were demonstrated at the protein and/or mRNA levels in VSEL stem cells, MAPC, MSC (in particular the SD fraction) and MIAMI cells [5, 6, 8, 63, 69] . Second, the contribution of BM-derived cells to regeneration of multiple non-hematopoietic organs and tissues indirectly suggests the existence of pluripotent or multipotent stem cells in BM. Illustrating this are experiments performed at the single cell level with BM-derived stem cells (Fr25 Sca-1+ Kit+ Lin-or Fr25SKL cell) that contributed to multiorgan, multi-lineage engraftment in lethally irradiated mice [77] . These cells were first fractionated by elutriation at a flow rate of 25 ml/min (Fr25), then lineage depleted (lin-) and labeled with cell membrane-marking fluorochrome (PKH26) and injected intravenously into lethally irradiated animals. Two days post transplant PKH26+ cells were recovered by flow cytometric sorting of recipient BM. These single adult BM-derived Fr25SKL cells have a robust capacity to differentiate into epithelial cells of the liver, lung, gastrointestinal tract (endoderm) and skin (ectoderm) [77] . Nevertheless, several questions relating to the presence of a putative PSC in BM remain. First, it is important to elucidate if this cell is merely a remnant from developmental embryogenesis that resides in a dormant state in the BM tissue or if it is a rare but mitotically active cell that contributes to the renewal of the pool of other BM-residing stem cells including HSC, EPC and MSC. Second, what is the relationship of this cell related to the cells recently described and purified from BM: i) SSEA-1+ Oct-4+ Nanog+ VSEL stem cells, ii) small Oct-4+ MAPC, iii) Oct-4+ SD-fraction of MSC, and iv) Oct-4+ MIAMI cells? As mentioned before, it is likely that all of these versatile BM-derived Oct-4+ non-hematopoietic stem cells, which were given different operational names, are in fact very closely related to the same type of BM-residing PSC. As shown in figure 4 , it is possible that these BM-residing PSC, as remnants of embryonic development (e.g. derivatives from the epiblast), reside in a dormant state in ectotopic BM niches. The dormant status of these cells could be the result of the fact that these cells are i) located in a non-physiological niche, ii) exposed to inhibitors, iii) deprived of some appropriate stimulatory signals, and finally iv) limited in pluripotency because of the erasure of the somatic imprint on some of the crucial somatically imprinted genes (e.g. H19 and IGF2). These cells, however, could be activated if they are exposed to some appropriate activation signals (e.g. upregulated during organ/tissue injury, oncogenesis) or undergo epigenetic changes that change the methylation status of their DNA and acetylation of histones. Finally they may be reactivated if a proper somatic imprint is re-established ( fig. 3 ) [78] . In summary, there is mounting evidence that BM in fact contains PSC. For example, BM contains a population of VSEL stem cells that express SSEA-1 Oct-4 Nanog and are lin-CD45- [8] . These cells display a very primitive morphology and as shown at the single cell level are able in in vitro cultures to differentiate into cells from all three germ layers. Furthermore, Oct-4 and Nanog are also expressed in small MAPC, SD-MSC and MIAMI cells [6, 63] . The most convincing evidence for the pluripotency of BM-derived stem cells would be the demonstration that these cells can complement blastocyst development after injection into a developing blastocyst. Unfortunately, such evidence for pluripotency has so far not been achieved in a reproducible way with any of the BM-derived stem cells.
Bone Marrow-Derived Non-Hematopoietic Stem Cells and Regenerative Medicine?
Humanity continually searches for the holy grail of an end to the suffering caused by illness, and a better quality of life in advancing years. There is no doubt that medical science is now looking to stem cells to provide some of milestones in this important quest. Adult BM stem cells could potentially provide a real therapeutic alternative to the controversial use of human embryonic stem cells and therapeutic cloning. However, it is still unclear whether BM contains a PSC. Several attempts have been made to identify such a cell in the BM that at the single cell level in vitro could give rise to cells from all three germ layers (meso-, ecto-and endoderm). However, the most valuable evidence for pluripotentiality of the stem cell is its contribution to the development of multiple organs and tissues in vivo after injection into the developing blastocyst, and this evidence is missing. Nevertheless, while the ethical debate on the application of embryonic stem cells in therapy continues, the potential of BM-derived non-hematopoietic stem cells is ripe for exploration. The coming years will bring important answers to these question.
